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Pitch and yaw of shock afterflow as a function of time, dynamic 
pressure parameters, and th© contributions of air and dust to dynamic 
pressure were measured over desert, asphalt, and water surfacss during 
Shot 12. 

Little or no yaw of flow was detected, but pitch of flow was found 
to be considerable over all three surfaces to 2,500 feet from ground zero» 
Over desert and asphalt, pitch-time records displayed a consistent pat- 
tern of initial upward flow followed by horizontal flow, or at 2,500-foot 
stations, do^iward flow.    Pitch-time records over water are erratic and 
little understood« 

Air dynamic pressures at 3-foot elerations, 2,000 and 2,500 feet 
frei: ground zero, were highest over desert and higher over asphalt than 
water.    Considerable dust loading occurred on the desert where dust dynamic 
pressure exceeded that of air.    Particle loading was present over asphalt, 
but the extent was not determined.    No tangible evidence of water loading 
was found. 

Results suggest that high air dynamic pressures over desert and 
asphalt arise from air velocities higher than would be expected from the 
Rankine Hugoniot relations and measured overpressures.    Sane speculations 
are made about possible causes of these high velocities. 
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FOREWORD 

Thla report present« the final reoxilts of one of the 56 project» cossprl»- 
ing the Military Effects Program of Operation Teapot, which Included 14 
test detonations at the Nevada Test Site In 1955* 

For overall Teapot military-effects Information, the reader Is re- 
ferred to "Summary Report of the Technical Director« Military Effects 
Program,* WT-1153, which Includes the following! (1) a description of 
each detonation including yield, zero-point environment, type of device, 
ambient atmospheric conditions, etc«; (2) a discussion of project results; 
(3) a summary of the objectives and results of each project; and U) a 
listing of project reports for the Military Effects Program, 
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Chopter   I 

INTRODUCTION 
1.1 OBJECTIVE 

During Operation Upshot-Knothole, dynamic pressures measured in the 
precursor regions were almost ten times higher than calculated values, 
(from Rankine Hugoniot relations and measured overpressure) causing severe 
damage to draß-sensitive targets (Reference l) and indicating that a 
drastic unknown mechanism was at work in the precursor afterflow. To ex- 
plore this further. Operation Teapot Project 1.11 made special measure- 
ments versus time and distance over three surfaces? desert, asphalt, and 
water. The desert surface was intended to produce a dusty precursor, the 
asphalt a "clean" precursor, and the water surface an "ideal^ blast wave 
(Reference 2), The three blast lines were instrumented to measure after- 
flow direction, air and dust contributions to and effect of obstacle »iae 
on dynamic pressure, and density and velocity of air and suspended dust. 
High dynamic pressure might then be explained, at least to the extant of 
knowing which factor or factors cauaod onhanc«nent. 

1.2 BACKGROUND AND TH30RY 

1.2.1 Wind Direction, Prior to this study, no measurements of 
vertical flow had been made within the precursor; however, photographs 
and the behavior of targets indicated that conaiderable pitch existed; 
precursor shocks were not perpendicular to the ground, and bridges, for 
example, appeared to be blown \jp  from rather than off their supports 
(Reference 3). 

One expects the flow behind a front advancing into still air to be 
normal to the front. The observed inclination of the precursor shock 
therefore in^lies thg* the flow is initially upward ard only later settles 
down to horizontal flow. Near the ground the flew must always be hori- 
zontal; this means that the front must curve so as to be normal to th^ 
surface at its lower end. 

Direct raeasi'rements of pitch, the vertical angle of flow, were indi- 
cated. They would give information about the precursor afterflow; any 
such data might reveal more about this little-understood phenomenon. Th^y 
were also needed for correction of pitch-senritive instruments and for 
determination of the direction of the ehock-ii^uced drag forces. 

No precursor was expected over the v/ater line; since ths pitch- 
measuring stations were to be in the Mach stem, little or n' pitch waa 
expected. Nevertheless, pitch-time records were taken as a check on 
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instrumentation and to determine dopartures from "ideal" flow. Some 
measureeaents of yaw were also made to check cross~feed frcw the adjacent 
desert to the water line. 

ImZmZ   I>yn3mic Pressure.   Air dynamic pressure (qa) is defined by 

qa = 1/2  PaU (1.1) 

where pa is a±r density and n^ is air velocity. For peak air dynamic 
pressures immediately behind a shock front or behind plane waves having 
a slow rise with an unchanging pressure profile. Equation !•! may be 
specialized by using values of p and uo based on the R&nkine Hugoniot 
relation. This result i«?     a a 

qa = 2.5 m2 
7 P + AI n (1.2) 

where P is ambient pressure and AP is overpressure. Equation 1#2 is 
valid v$  to shock strengths of 8; beyond this value, changes of the 
specific heat ratio (r) began to be felt. It is, of course, physically 
liapossible to obtain a slow rising plane wave of unchanging pressure 
profile equivalent to auch a shock strength. 

Equations 1.1 and 1.2 are somewhat idealized because air, a com- 
pressible fluid, does not register a difference between head-on and side- 
on pressure equal to 1/2 P^u 2 but rather what we shall term observed 
dynamic pressure (cw)» However, this observed quantity may easily be 
correlated with ideal by use of the relation 

qac = %  (1 + 0*25 ^ + 0#025 ^ ^ '•^ (1.3) 

where M is Mach number of free flow. Mathematically, this egression is 
valid for Mach numbers up to 2.22 for isentropic flow. Physically, a bow 
shock develops when the free flcv Mach exceeds one and flow across it is 
accompanied by an e.^ropy gain. This entropy gain is slight for Mach 
numbers less than lt25; for that Mach number the error incurred in com- 
puting O^Q  using Equation 1.3 amounts to two percent. If only the first 
two terms of Equation 1.3 are used the error is again about two percent 
while the error is of opposite sign. 

Itynamic pressures behind the precursor blast waves of Upshot-Knot- 
hole (Reference 5) were not merely higher than Equation 1.2 and the 
observed overpressures would indicate, but they were about twice as high 
as would be expected over an ideal surface. This ideal surface, of course, 
has higher overpressuras at the same ground distance than does a surface 
over which a precursor forms. 

Four explanations of the anoaaly have been offered? 
1. It was caused by the Bernoulli effect and that in general the 

sum of dynamic pressure and overpressure is about the same for a precursor 
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wave as it is for an ideal at equal distances.      This was an intriguing 
concept, but it lacked intellectual satisfaction, i.e., one still waited 
the effect "explained*11 

2. A pattern existed in the precursor afterflow which led to higher 
flow velocities than would be expected frcn Equation 1.2.    The pattern 
wa« pictured as a quasi-steady circulation about a bubble formed in the 
heated air layer responsible for the precursor formation (Reference A). 

3. High dynamic pressures were caused by suspended dust carried 
along in the precursor afterflow.    This was suggested by the fact dynamic 
pressure increased markedly when the dust cloud inpinged on the gages. 
Furthermore, shock-tube experiments indicated that the gages used were 
sensitive to suspended dust.    For small obstacles this increase in dynamic 
pressure is the free-stream momentum flux of suspended dust, thus 

^ = Pdud
2 (1.A) 

where q, is the dynamic pressure caused by dust, p^. the density of sua- 
pended dust, and u^, the dust velocity (Reference •>). 

4. Pressure waves with slow rise times have dynamic pressures that 
are unrelated to extensions of Equation 1.2, that is, peak -values of 
overpressure in a spherical or cylindrical shock wave with a slow rise 
time are not even approximate criteria for determining peak values of 
dynamic pressure (Reference 6). 

This concept may be oral oaTyj at least the authors are not aware of a 
reference. However, the concept is widely kncwn and may have been 
originated at a working conference on precursor phenooena at Headquarters, 
AFSWP prior to the Fourth Meeting of the AFS^P Height-of-Burst Panel on 
February 10, 195^. 

See Appendix A for further discussion of the dynamics of air dust miotures. 
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Chapter   2 

NSTRUMENTATION 
Table 2.1 gives a list of gages, types of measurement obtained and 

available cross-checks, Scne Instruments were developed espeiially for 
C^eration Teapot, 

2.1 WIND DIRBCTION GAGE1 

This gage was used to obtain both pitch- and yaw-time records. 
Pitch is a deviation of flow-direction frcn parallel to the surface, 
inward flow being positive. law is horizontal deviation of flow from a 
line joining the gage to ground zero, a clockwise deviation looking down 
on ground zero being considered positive. 

The sensing element of the gage is a small vanb soldered to a sturdy 
shaft (Figure 2.1). Several types of vanes are used to cover different 
dynamic pressure ranges; larger vanes are needed for Dower dynamic pres- 
sures. In the presence of flow, the vane orients itself to minimize drag 
acting on it (zero torque). Reorientation time is about 3 to 7 msec, 
varying with the vane used, deflection required, and the dynamic pressure 
level. Rotation of the vane is transmitted by the shaft on which it is 
mounted to the moving contact arm of a small potentiometer,2 providing a 
signal that is correlated with wind direction (Figure 2.2). 

2.2 SNOB AND GRJ£ GAGES (RIFiRENCE 7) 

In clean air, snob (a pitot-static arrangement, Figure 2.3) obtains 
dynamic pressure and side-on pressure-time records, and greg (Figure 2.4) 
obtains head-on pressure-time records. Snob, however, has little response 
to the mcmentum flux of dust, while greg reacts fully to the same condition 
by shewing an increased dynamic presLure which represents free-stream 
momentum flux of dust (PHU,

2
),^ where P , is susDenied dust density and u, 

is dust velocity.     a a        a a 
The small response of snob to dust results from the use of a special 

head-on pressure probe which has a small diameter and a streamlined tin. 

Developed by J. W, Wistor? of Sandia Corporation. A gage of similar 
principle but of lighter construction was unsuccessfully asnployed on 
Operation Tumbler-Snapper. 

^he Microtorque, manufacvured by Gianinni; it is linearly sensitive to 
rotations of half a degree. 

See Section 1.2 and Appendix A for theory of dynamic behavior of a dust- 
air mixture. 
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The head-on presßure is transmitted froia a point close to the probe tip to 
the forward pressure transducer by a set of small pressure lines.    The 
probe is also eqvlpped with a long cylindrical cavity in which dust is 
decelerated and captured.    Dust monentun flux is registered by the instru- 
ment only to the extent that dust loses its ncoientum before it reaches the 
head-on pressure-sensing region.    The forward probe of snob has a con- 
siderable volumt) which fills through a small orifice, giving the gage a 
rise time of over 3 msec; fill volume is reduced somewhat by use of a 
flush diaphragm-type transducer.    By situating eight inlet ports in the 
side-on sensing region which feed to a rear pressure transducer and to the 
back of the forward transducer, snob beccroes a side-on and dynaiaic~pres5ure 
sensing gage. 

The greg gage is much simpler (partly because it is solely a head-on 
pressure gage) and consists of a flush diaphragm pressure transducer pro- 
tected by one or more layers of silicon rubber and mounted in a conven- 
tionally shaped probe, Figure 2.A» 

Neither the snob nor the greg gage is significantly inclination-angle 
sensitive. 

For dust particles of ordinary density, mean diameters in axe es« of 
10 microns, and with velocities expected under field conditions, both 
instruments perfonn nearly perfectly.    At Frenchman Flat, however, most of 
the dust particles have diameters below 10 microns, resulting in less 
satisfactory operation of the two instruments,^   Calculations and blow-down 
tube tests indicate that for this small dust size, snob responds to 15 
percent and greg responds to 90 percent of dust moraeatum flux.    A further 
check of the response of the instruments is planned, using an inproved 
blow-down tube arrangement. 

Pressure transducers used in both instruments were mamfactured by 
Ultradyne Qigineering (Albuquerque, New Mexico) and are similar to a type 
previously manufactured and used by Sandia Corporation (Reference 8), except 
that one-half of the transducer was used to provide a flush diaphragm.    A 
matching pressure-Insensitive duany was used to obtain a bridge balance« 
This arrangement is satisfactory although slightly nonlinear. 

2.3    FORCE PUTE 

The force plate is a large diaphragm-type pressuro gage (Carlson- 
Wlancko, Reference 9) with a 7-3/8-inch-diameter sensitive area mounted 
in a 12-lnch-diameter baffle.    It was placed on the front of a tower head-on 
to the blast to measure total (or stagnation) pressure in a shock wave« 
More specifically,  it was used to obtain the time variation of the head-on 
pressure of a mixture of dust and air on a sizeable object. 

The finite size of the baffle causes edge effects which make the 
average pressure over the sensitive aj^ea slightly less than true stagnation 
pressure.    For the plate dimensions, the correction is 5 percent of the air 
dynamic pressure when the flew is normal to the area (zero pitch and yaw 
angles); the correction is very nearly constant for flow having Mach 

*e are indebted to E. H, Ehgquist of Chemical and Radiological Laboratories 
for providing us with partiese-sizo data on a sample from Frenchman Flat. 
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* 

Figure 2,1 Calibration of wind-direction gage used in the 
pitch sense (Shot 12). 
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Figure 2*2 Schematic diagram of wind-direct ion gage. 
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Figure 2#3 Schematic diagram of snob gage» 

Figure 2.4. Schematic diagram of greg gage probe. 
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numbers between 0,25 and O.S.    For pitch (or yaw) angles other than zero, 
corrections are available from wind-tunnel data and are Hach-nunber sensi- 
tive. 

Total pressure (P+) is also recorded at the front end of an ideal 
pitot gage.    Observed dynajnic pressure of a conpressible fluid  (qac) is the 
difference between total pressure (P^) and static (side-on) overpressure 
(AP).    The usual pitot-static tube has a small sensing forward area, but 
size should make little difference for clean air.    For dusty air^ on the 
other hand, size of the obstacle affects the registering coefficient of 
dust.    Use of the force plate allows one to examine the effect of obstacle 
size and provides a better index of the force that might be expected cm 
the forward face of a large obstacle. 

2.U    CE«TRIPErÄL-Dl»SnT GAGE (REFERQ1CE 10) 

Developed to make a continuous measurement of air density frcin zero 
time throughout the passage of the shock wave, this gage was mounted at 
the center of a side-on 2^-inch-diameter baffle.    It is similar to the 
usual centripetal air puap and produces a high-velocity stream of air by 
a set of vanes rotating at about 2^,000 rpm.    Two stationary pressure 
probes are located at the periphery of the rotating column of air, one 
facing upstream and the other downstream.    The difference in pressure be- 
tween the two probes is directly proportional to the dynamic pressure 
inparted to the air column by the rotating vanes.    The -velocity of the air 
is constant, since it is imposed upon the air by constant speed vanes. 
This means differential pressure is proportional to the density of air in 
the gag^.    A continuous sample of free-stream shock-^wave air is drawn in 
at side-on pressure; thus, differential pressure recorded by the gage is 
directly proportional to free-stream density of air in the shock wave. 
Before shock arrival, the gage should record changes in ambient density 
caused by development of the thermal layer. 

The centripetal-density gage utilizes a diaphragm-type differential 
pressure transducer (Ultradyne) a.j the pressure detector for the two 
probes.    A static pressure gage, using the same type of transducer, is 
mounted on the side-on baffle, giving static (side-on) oveipressure at the 
same point and time that density measurements are made.    Air teoperatu. v 
may be obtained by using overpressure and density data in the perfect gaa 
equation. 

Static tests in a variable-density and variable-tecperature chamber 
show that the gage does read density, but wind-tunnel tests show some 
sensj-tivity to Mach number, probably caused by heating of the whole gage 
by air friction in the long steady-a täte runs of the wind tunnel; this 
sensitivity has never been manifest during full-scale shock waves. 

Developed at Sandia Corporation prior to deration Upshot-Knothole to 
measure the air density in a shock WAVS, exclusive of dust,  the gage per- 
formed satisfactorily on Shots 1, 9, and 10 of Upshot-Knothole (Reference 
5),    Between Operations Upshot-Knothole and Castle the gage was modified 
by doubling the rotor speed and mounting in a smaller baffle;  it operated 
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satisfactorily on each of two shots in Operation Castle {P.eference 11 )♦ 
The model used in deration Teapot was essentially the saran as that used 
in Castle. 
2.5 PARTICLE-VELOCITT GAG£ (REFERENCE 12) 

In the Frenchman Flat area, dust and air should have the same speed; 
for other areas, this gage, which was designed to measure particle velocity 
of air in a shock wave, should give the velocity of the faster of the two 
cornponents. The significance of this measurement is apparent from Equation 
l.l. Unfortunately no useful records were obtained as the gage was Im- 
paired by the zero transient. 

C^erationally, the gage determines the transit time of a small pulse 
of ions carried by the air stream over a known distance. This ion p* Ise 
is produced by applying a high-voltage pulse of /^-yeec duration to a 
sharp hardened steel emitter probe, thereby ionizing the air flowing past 
the point at that time. Transit time is determined by detector probes 
which are driven positive as the ion pulse passes them. The three detector 
probes are positioned over a 20-degree arc with th^ emitter probe at its 
center. 

2.6 MEDIUM^D^Sm GAGE1 

Unlike the centripetal-density gage, the medium-density gage was 
designed to register both air and dust; but primarily, it was used on 
Operation Teapot as a dust-density gage, "ince it would be possible to 
correct its response for the effect of air-density changes. No useful 
records were obtained, as the gage proved sensitive to thenaal radiation. 
The principle of the gage is to use changes in the dielectric constant of 
the medium during passage of a blast wave to determine density. These 
dielectric-constant changes alter the capacitance of a sensing element con- 
sisting of two coaxial cylindrical plates. Variations of this capacitance 
change the resonant frequency of a tank circuit which includes the exposed 
capacitor. Output of the tank-circuit oscillator is beat against the 
signal from a fixed-frequency oscillator^ Thus, variations in beat note 
are an index to the medium dielectric changes» This beat frequency was 
recorded directly on magnetic tape. The proposed analysis technique is 
discussed in Appendix B, 

2.7 VALUE OF INSTRUMENTATION 

Individually the instruments gave interesting records; however, the 
most useful and significant results were obtained by the use of a group of 
gages at each station, with all gages located at about the same height 
above the ground. 

The ensemble-use of the Instrumente was to provide the following 
advantages: (l) Measurement of the individual factors which determine 
dynamic pressure should enable one to see which factors account for high 
dynamic pressures.  (2) One could examine the flew direction history and 
effect of obstacle size on head-on dust loading.  (3) Numerous croes- 

Develcped by J. W, Valentine and T. G. Banks, Jr., of Sandia Corporation 
fron a concept evolved by M. Cowan, Jr. and H. H. Sander of Sandia Corpo- 
ration (Reference 13). 
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checks of instruments would be possible (Table 2.1). U) It would be 
possible to infer quantities not measured because of instrument failure. 
(5) It would be possible to check the first three hypotheses about the 
cause of excessively high dynandc pressures.^- 

Finally, it can be said that the instrumentation of Project 1.11, 
except for flev-direction studies, did not give a coraplete coverage of 
the precursor phenomenon, since only two groups of gages were situated on 
each blast line. The experiment was basically an exploratory one, intended 
to check dust significance and to determine if a more complete examination 
was necessary and feasible. 

It must be admitted, however, that the check was considerably slanted to 
yield detailed information in the event that the dust-xoadlng theory 
proved correct. The check between the first two hQrpc+heaea was actually 
better accomplished by the use of different surfaces employed on Shot 12« 
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Chopter   3 

EXPERIMENTAL  PROCEDURE 

3.1    INSTRUMENTATION LAYOUT 

Project 1,11 was primarily intended to instrument Shot 12,    However, 
since most instruments were new, it was decided to give them a preliminary 
field test, which would have the further advantage (provided instruments 
operated satisfactorily) of giving dust load and precursor information 
from a different surface• 

For thin tnst (Shot 4), two 3~foot towers were situated side by side 
at a ground distance (2,150 feet) to approxitnately correspond (according 
to anticipated yields) to 2,000 feet on the desert line of Shot 12.    One 
tower carried a particle-velocity gege, a centripetal-density gage, a 
force plate, and a wind-direction gage (mounted to measure yaw).    The 
other carried a snob and a greg gage.    At 1,350 feet fron ground zero, a 
wind-direction gage was mounted in the pitch-^onsitive position (Figure 
3.1).    Figure 3.2 shows the towera before and after Shot 4.    The baffle 
of the centripetal-density page was blown away; the structural weakness at 
fault was corrected in units used on Shot 12, 

On each of the blast lines for Shot 12 (desert, asphalt, and water), 
twin 3-foot towers were located at ground distances of 2,000 and 2,500 feet. 
Mounted on each tower was the same array of gages used on Shot 4» except 
that the wind-direction gage was replaced with the medium-density gage on 
the desert line and neither gage was used on the other lines,    Wind-^iirection 
gages were mounted to measure pitch,    Otily one particle-velocity gage (2,500 
feet on the desert line) was used on Shot 12,  since the check shot indicated 
that the gage was unreliable. 

Most wind-direction-time measurements were for pitch (Table 4,1) at 
stations where Project 1,10 measured dynamic pressures. 

Yaw-time measurements were made on the water line to check cross feed 
from the adjacent desert.    Gages at 1,500 feet from ground zero were located 
175 and 275 feet lYon the centerline, while those at 2,500 feet frcm ground 
zero were located 11C and 250 feet fron the centerline.    Yaw-time measure- 
ments were made on and beyond the water line at 2,650, 2,750, 3,000, 3|150, 
and 3,350 feet from ground zero for Project 5«5.    These support measurements 
were supplemented by measurements of dynamic pressure at 2,650, 3,150, and 
3,350 feet by use of pitot-static gages loaned by Stanford Reeearch Insti- 
tute. 

Finally, on Shot 12, pressure- and dynamic-pressure-time records were 
obtained at 8,000 feet on the desert line to determine if Lhe dynanic- 
pressure-time curve was different than would be expected over an ideal 
surface,    Measuremonts were made with a nitot-static tube mounted at a 
height of 10 feet. 
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Figure 3.2a Towers with special dviiamic pressure 
instruments (2150 ft from ground zero, pre-Shot U) • 

Figure 3.2b Foreground tower with "baffleless" 
centripetal-density gage, force plate, particle- 
velocity gage, and wind-direction gage (post-Shot 4). 
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Figure 3.2c   Background tower with snob and greg gagee, and 
an unofficial duat sanpler (post-Shot i). 

3.2   RECORDING SISTZM 

All Instruments were used ii OGQbination with a new direct-current 
recording syst« develcped by SanJia Corporation (Reference U).   To 
reduce loss of information, results were recorded in two wayin    (l) by i 
direct-current signal recorded on photographic paper, and (2; by a 
ftrequency-aodulated signal recorded on magnetic tape«   Preshot checks 
determined that the methods agreed to within 1 or 2 percent; in data 
reduction, both types of records were used. 
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Chopter   4 

RESULTS AND DISCUSSION 
Operation Teapot Shot 12 was detonated April 15, 1955, at 1115 MT 

on a 400-foot towei in Frenchman Flat; the yield was estimated to be 24 
kt. Geometry of the device was such that a symmetric explosion vas ex^- 
pacted. 

During the shot all instruments remained in place; however, some 
sustained missile damage, particulxirly on the asphalt line. Records and 
postshot checks revealed tiat a number of gages had been burned out by 
the zero-time transient. This zero-time trarsient also reduced the value 
of information obtained frcm a few other gages by grossly changing their 
sensitivity. The particle-velocity and mediaa-density gages performed 
unsatisfactorily. 

Despite these disappointments, a large amount of infonaetion vas 
obtained, and the experiment is deemed successful. 

iUl DATA REDUCTION AND READING TECHNIQUES 

For data evaluation, records were studied with a reading device which 
recorded time and deflection by punching a series of IBM cards. These 
times and deflections, with calibration data, formed the basis for an et&- 
panded plot from which parameters were read. A few records were so "hashy" 
that they were smoothed by averaging. 

Since most records did not exhibit classical wave shapes, one had to 
be somewhat arbitrary in defining peak values. We chose to read only those 
values having  durations of more than 5 msec, ignoring isolated spikes which 
exceed the defined maximums, since any signal of less than 5-^asec duration 
has questionable damage and physical significance. Time of maximum is the 
time the deflection first achieves its maximum value. 

For pitch measurements, however, the initial extreme value was read, 
whatever its duration, since we wish to study this type of maximum. 

4.2 WIND-DIRE^ION MEASUREMENTS 

LmZml   Pitch, Wirid-direction gages performed satisfactorily except 
for those eliminated by the zero-time transient. Considerable pitch was 
observed on all lines, even over water where none was ejected. Table -4.1 
gives initial pitch information for the three lines. For desert and asphalt. 
Figures ^.^ and A.5 give maximum initial pitch versus ground distance, and 
Figure U.6  gives initial flow duration at various ground distances. Initial 
flow is considered finished either when the flow returns to horizontal or 
steadies to turbulont fluctuations about an average which is nearly horizontal. 

From ground zero out to and including 2,250 feet on the desert and 
asphalt lines, pitch-time records show brief initial upward flow (positive 
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pitch) after which flow is nearly horizontal (Figures ^l and U.2)9    At 
the 3-foot level this steady, nearly horizontal flow is slightly downward 
(-) while at the lO-foot level it is usually slightly upward (+)• 

At 2^500 feet or. these two lines, pitch begins with upward flow, 
which lasts considerably longer than at closer stations (Figures 4,1 and 
U.2).    This is followed by a period of dowa;ard flow in which the magni- 
tude of negative pitch is cooiparable to that of the positive pitch before 
it. Downward flow lasts considerably longer on the asphalt than it does 
on the desert line. 

Beyond 2f500 feet on these two surfaces, duration of initial upward 
flow increases while the tendency to downward flow after the initial phase 
is less pronounced or even lacking (Figures 4,1 and U*2).    At and beyond 
3,000 feet on the desert line no pitch was observed. On the asphalt line, 
pitch was appreciable out to the lest station at 3,000 feet, 

Pitch-tijne records for the water line are give© in Figure 4,3• 
In Figures 4,4 and 4«5 mariiiium initial pitch obtained en the desert 

and asphalt lines are compared with naxljnum pitch of flow inferred freß 
photographic aod tlme-of-arrival data,^ On the asphalt line at the closer 
stations, agreement between measured and estimated pitch at the 10-foot 
level is remarkably good. This means that these higher gages \pon being 
enveloped by the shock were effectively above the thermal layer, for in 
this layer one would eacpect to observe a pitch less than that estimated. 
Apparently the thermal layer was thicker on the desert line since no such 
agreement was obtained between measured and estimated pitch. All measured 
pitches at the lO-foot level were less than estimated, except at 2,250 
feet from ground zero, 

Maxiinum initial pitch on the desert ard asphalt lines was invariably 
less at the 3-foot than at the 10-foot level. This seems to confirm that 
flow must bocome horizontal as one approaches the surface (see Section 1.2), 

In Figui-e 4.6, initial upward flow durations on desert and asphalt 
appear to increase with ground distance, Thsr-e is also a marked tendency 
for the initial flow to persist longer at lO-foot than at 3-foot elevations. 
Finally, there is a slight tendency for the initial flew to last longer 
over asphalt than at corresponding stations over desert. 

If correlation is attainted between initial upward flow durations and 
the delay between precursor arvi "main shock" arrival (here r^osen as ar- 
rival times over the water) for the two lines, results are disappointing. 
The delay between shocks is much longer than the initial flow duration at 
closer stations, about the same at 2,500-foot stations, and less than 
initial flow durations beyond 2,500 feet. 

Pitch-time behavior over desert and asphalt lines at 2,500 feet is 
given in Figures 4«7 and 4*3, where vectors representing the direction and 
magnitude of flew at various elevations are sketched at 50-jasec intervals. 
It is tecptlng to ooasider the flow configuration a steady one passing the 
station and so specify a separation in distance as well as time between 
the various stages, Such a concept is misleading, since this flow con- 
figuration is a rapidly changing one induced by a pressure wavt inter- 
acting with a thermal layer. Figures 4.7 and 4,8 show graphically that 

flow angles were conputed from the preshock speed of sound estimates 
listed in ITR-1153 (Reference 2), These angles apply above the thermal 
layer 
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Figur« ^,1    Pitch time records on desert line (tlao scale 
starte on signal arrival). 
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Figure 4.1 (Cont'd) Pitch tiiu*  records on desert line (time 
ncale starts on signal arrival). 
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Figure A.2 (Cont'd)    Pitch time records on asphalt line (time 
scale starts on signal arrival). 

downward flow at the 2,500-foot stations on the two lines begins at about 
the same time, namely 1 second.    This is about 100 msec after shock ar- 
rival on the water line and suggests that the downflow represents "feed- 
through" from the shocked sphere of air above the precursor•    Substanti- 
ating this, the desert line at the 2,500-foot station experiences its 
highest overpressure at this time and oveipressure-tljne records on the 
asphalt show a plateau prior to the downward flow period.    Perhaps even 
more significant, maximum air dynamic pressure occurs just prior to down- 
ward flow on the desert, while on the asphalt line air dynamic pressure 
is sustained at nearly a constant value until the downward flew period. 

While pitch-time behavior was systematic over the desert and asphalt, 
it was not over water.    Often the two elevations at a single ground dis- 
tance have maximum initial pitches of opposite sign, although not at the 
same time.    While the pitch behavior is erratic, coapensating flows are 
usually present;  that is, a period of one of pitch is followed by a period 
in which pitch has the opposite sign.    The only apparent explanation of 
these records is that they reoresent a large-scale turbulence in the shock 
afterflow, 

Littlo pitch was observed at the 1,750-foot station; there also the 
oveipressure-time curve was nearly ideal. Likewise at 2,500 feet, where 
the overpressure wave again was nearly ideal,  little pitch was observed 
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GROUNO   DISTANCE    2000' 

ELEVATION   3' 

0595t 

30°- 

X 
o      o£ 

0.607+ 

GROUND     DISTANCE       2000' 
ELEVATION      lO' 

Y  'tHtm+ftm 

04 

ioV      v 
GROUND   DISTANCE      2500' 
ELEVATION     IG' 

0A95t OZ 04 

TIME      (SEC) 

Figure ^•3 (Cont'd) Pitch time records on water line (time 
scale starts on signal arrival). 

until about 100 msec after shock arrival after which a pitch-time pattern 
similar to those observed on the other lines at this distance was observed. 

It was hoped that photography of tne shock over the water line might 
clarify pitch behavior, but no satisfactory motion pictures were obtained 
because th<5 shock wave over this line was screened by dust raised over the 
adjacent desert, 

£«2*2 Yaw^ Both instruments at the 1,500-foot station on the water 
line were burned out by the zero transient« Instruments at 2,500 feet, 
which wera at 110 and 250 feet frcm the center of the SOO-foot^wide blast 
line, shewed no significant systematic yaw. The gage at 110 feet from the 
center displayed considerable erratic fluctuation {vp  to 67 degrees) well 
after shock arrival. This may have been caused by the passage of a cell 
of turbulence, or more likely, by mud striking the vane. 

Yaw measured on the water lire and beyond it for Project 5.5 was 
amall, amounting to a degree or less. Maxiimim dynamic pressures measured 
at three of these stations are listed in Table ^•2, 

Although no syst«natic yaws were measured over the water line, times 
of arrival at instruments stationed at 2,000 feet indicate that the first 
pressure signal came fron the side with a considerable angle to the radius 
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vector, perhaps as much as £0 degrees.    The initial behavior of the inßtru- 
ments suggests the same result, 

U3    OTHER MEÄSURSflOTS 

4JJJJL_ ^ob and Greg (Air araj Dust Dynamic Pressures),    For this re- 
port it will be assumed that the snob gage registered no dust dynamic 

K»- 

  OESCRT 10' 

aco-  OCSERT 3 

  ASPHALT 10' 

  ASPHALT 3' 

-7% 
^L *LL 

use ITSO MOO 2290 2900 
GROUND    DISTANCE     (^EET) 

2790 KSO 

Figure U/o    Duration of initial toward flow period as a 
function of ground distance (desert and asphalt). 

pressure while the greg gage registered dust dynamic pressure (P^2) 
fully. If substantial corrections are necessary because of the small size 
of the Frenchman Flat particles, ar addendum giving these corrections will 
be published. However, the mean-aass particle diameter ran larger than 
expected so the correction will probably be small. In brief, the cor- 
rection will be that air dynamic pressures given in this report will be 
sonewhat high and dust dynamic pressures will be somewhat low. 

libccept for their vulnerability to missiles, these gages were satis- 
factory. Greg gage suffered considerably from missilesi one at 2|000 feet 
on the desert line and both gages on the asphalt line were impaired. Shob 
gages fared better, although the probes were partially sealed by late mis- 
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I.OtS f. 0 90 f =095 tMOO »ilOS 

Fifvire i.7   Pitch tijiie history for varioiÄ i«velr? at 2,500 
ft (desert),   (length of arrows is proportional to estimated 
flow sp*ad). 

'•O.rO I'OTi f«OiO ♦•0.85 ^090 •096 ttiCO ? »i 08 t»UO 

Figure i*B   Pitch time history for various levels at 2,500 
ft   (psphait),   (length of arrows is proportional to estiiaated 
flow pper-d;, 
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sileG or irud; only the gage at 2,OOC fest on the asphalt line lost infor- 
nation. 

Peak values for the tvo Instruments are listed in Tables A»3 and 
U*U,  while records are displayed in Figures 1*9  through ^.H« Peak values 
of air dynamic pressure (snob differential) have not been corrected for 
Mach effects. The more acada^ic corrected peak valaes of air dynanic 
pressure are given in Renarks of Table /+•?. Where Mach corrections were 
applied we have also corrected for the error in side-on pressure. 

Air dynanic pressure-time records corrected for Mach effects ara 
given in Fipures ^.15 through ^..19. These corrections have been obtained 
by solving the equation 

u.i; 

where c is the local speed of sound.    This egression is a rephrasing of 
Equation 1,3 retaining only the first two terms. 

Equation 4..1 is sooewhat misleading in that while Pa and c2 may be 
individually obtained from air-density «time records their product is in- 
dependent of air density.    Instead Pac    is proportional to absolute side-on 
pressure and Equation ^..l may be written as 

1 2 2 
qa 

-• P u — P c 
2 a a a 

Y(P 
- 1  j U.2) 

where M is Mach number ard y is the specific heat ratio«. For the i^.ige 
of Mach numbers we are concerned with these e-xpressions are effectively 
equivalent to the rigorous ones relating Mach number, observed dynamic 
pressure, and absolute side-on pressure. Ccnputational errors incurred 
are less than those of measurement aixl less questionable than the un- 
certainties of applying analysis of a clean air case to the dusty after- 
flow of the desert line. 

Dust dynamic pressure-time curves (q,) are given in Figures ^.15 
through A. 19. This quantity is derived by subtracting fron the greg 
reading the uncorrected air dynanic pressure (snob) and the overpressure 
as registered by the snob side-on. For the water line at 2,000 feet frcm 
zero? the snob side-on pressure showed a short positive phase so the 
baffle side-on pressure was used after the maxinrum. 

Peak air dynamic pressures at equal distances were highest over the 
desert, less high over asphalt, and lowest over water at both 2,000-. and 
2,500-foot stations. Only at 2,500 feet on the water line did the peak 
air dynamic pressure agree with the Rankine Hugoniot relations (Equation 
1.2). This station experienced a nearly classical overpressure wave 
shape. At all other stations air dynamic pressure was higher than would 
be expected fron measured overpressure and Equation 1.2, usually by a 
substantial factor. 

Whitener has pointed out that Equation 1.2 is not truly applicable 
for computation of air dynamic pressure within an isentrcpic e^ansion 
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TABUS U.2    PITOT STATIC TTBÄ DTXAMIC PfUSSSWlK RSSULIS (q^ ,  SHOT 12 

Ground 
DiÄVne« 

! 

Qevatlcii         3ürfaca 
Tl»a of 
Arrival 

Mudbu 

Value   1    Tlae                     R<Barka 

ft 

2625 

ft 

6 
.,    ... 

Wator 

sac 

0.997 

pal           aec 

3.4           1.0CXD Snae ringing 

\ 

5150                  6 B«hizd 
watsr line 

1.346 2.0           1.346 

i 

ConaIdarable ringing 

3350                  6 Bohlnri 
watar llna 

1.487 1.75 1.487 Comsiderable ringing 

8000 10 Daeart 5.304 0.056 5.304 

TABLE 4.3    SNOB RESULTS  (qac),  SHOT 12 

(All Gage SLevaticna 3 ft) 

Ground 

r 

Surface 
Tiaa of 
An-ival 

r        -■ 

Max. Dynamic Preeaure 

DiBtanc« Value Tlae Rtnarks 

ft 

Dee art 

aec 

0.453 

pel 

25 
31 

sec 

0.498 
0,765 

First maxinair value corrected for 
Mach effect  ia 20 p ni 

2000 Aephalt 0^18 10.4 0.441 Gage vaa probably eaaled by miaaile 
at BMXJBUB 

Water 0.596 6.1 0.695 MaxiMua value corrected for Mach 
effect ia 5.8 pai 

Deo art 0,786 8.4 0.945 MaxljnuD value corrected for Mach 
effect ia 7.5 pai 

2500 Aaphalt G.676 6.2 0.740 MaxLann valua corrected for Mach 
effect ia 5.8 pai 

Water 0.915 4.0 0.932 Maxinun value corrected for Mach 
effect ia 3.94 pai 

TABLE 4.4    GRID RESULTS (Pt),  SH3T 12 

(All Gage Elevatlona 3 ft) 

Ground 
Distance 

[ "        ' 

Ärrface 
T1M of 
Arrival 

Maxlmn 

Ranarka Value Time 

ft 

2000 

Deeert 

aec 

0.452 

pai 

68 

aec 

0.503 Gage injured by miaaile at 
about 0.73 aeo 

Aaphalt o.a8 26.0 0.438 Majdmun la at valid value,  gage 
vaa injured by rniaailea 

Water 0.596 7.9 
18.7 

0.598 
0,692 

Shows narrow apike to 24 pal at 
0,640 aec 

2500 

Deeecrt 0.796 26.7 0.936 

Aaphalt 0.675 13.5 0.699 Maxlnnm last valid value,  gage 
was injured by mieailee 

Water 0.9U 16.7 0.914 
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having spherical sycsnertry (Reference 6), Possible corrections of Equa- 
tion 1.2  for gecmetrical effects are discussed in ippendix C# 

Dust dynamic preasuree (Figures ^,13 through A.19) were fcwnd to be 
substantial over the desert line, in fact the peak values of dust dynamic 
pressure exceed those of air at both the 2,000- and 2,50O--foot stations. 

Some dust1 dynamic pressure was present over the asphalt surface but 
the amount was not determined, since gages at both stations were injured 
by missiles early in blast wave history. Fran canbir^d snob and force- 
plate results one may infer the initial dust dynamic pressure was not very 
high, amounting at most to one psi at 2,500 feet on the asphalt line» 

There was little or no such effect on the water line until late in 
the blast wave history. Finite dust1 dynacuc preesures aie displayed late 
in the blast wave, but since these represent the differences of small 
quantities they are probably not significant. This does not mean fiat no 
water was present. Instead, the water, if present, was evaporated ^r 
broken into such small particles that it behaved essentially like air« 

A dynamic pressure-time record was obtained at 8,000 feet on the 

15 

ff¥< 
OVERPRESSURE    (psf> 
BAFFLE    SIDE-ON    GAGE 

0.452-». 
—i— 
0.2 

uJ 
it 
D 

(/■' 

UJ 
Z 
0. 

15-1 OVERPRESSURE      (pti 
SNOB   SI DE-ON   GAGE 

0.45 

30i 
AIR   DYNAMIC  PRESSURE    (pti) 
SNOB    GAGE 

0.453+ 

TIME    (SEC) 

Figure ^.9 Time records of gages at 2,000 ft on the desert 
line (all gage elevations 3 ft, time scale starts on signal 
arrival). 
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6C -i IKj H 
HEAD-ON    PRESSURE      (p»i) 
GREG      GAGE 

0 452* 5.2 

60   1 

if) 

X a 

HEAD-ON   PRESSURE    (psi) 
FORCE    PLATE 

fWo. 
o^sz*- 0.4 

2  1 

wpi 
0,452* 0.2 

AIR    DENSITY   (!N   TERMS   OF   AMBIENT) 
CENTRIPETAL    DENSITY    GAGE 

r \ vM/^AifK^w 
0.4 0.6 08 

Tir/E    (SEC) 

Figure /,.9 (Cont'd) Tima records of p.ages at 2,000 ft on the 
desert line (all gage elevations 3 ft, time scale starts on 
signal arrival), 

desert line;  it showed no anomalous aspects and the peak value was in 
agreement with the Rankine Hugoniot relations, 

4t3^2    Force BLatg«    Except for a marked tendency to show abnormally 
short positive phases, the force plate performed satisfactorily.    The 
tendency may be a result of the effect of thermal  (after shock arrival), 
missiles, or perhaps a leak at the back of the gage; whatever the cause, 
it means that late head-on pressures were often low.    Results are listed 
in Table 4..f>.    Figures 4..9 through ^.n shew head-on : ressure-time curves 
recorded at the various stations. 

Since the force plate was a sizeable object, the flow of dust about 
it was expected to be more like air than it is around a small object,  such 
as the greg gage.    To check t'iis hypothesis the sum cf side-on pressure, 
air dynamic pressure, and half the dust dynamic pressure have been plotted 
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Hr 

0.778+ 

Ifp 

OVERPRESSURE    (psi) 
BAFFLE   SIDE-ON GAGE 

OVERPRESSURE    (p«i) 
SNOB   SIDE-ON   GAGE 

a 786 

WA/VX^ 

AIR   DYNAMIC   PRESSURE    (psO 
SNOB    GAGE 

J L 
0.8 

HEAD-ON  PRESSURE   (psi) 
GREG    GAGE 

as OJB 0.786 + 

2lr 

0.776+ 

0.8 04 

HEAD-ON   PRESSURE   (psi) 
FORCE   PLATE 

TIME      (SEC) 

Figure ^,10 Time recorda of gage« at 2,500 ft on d«ßert line 
(all gage elevptiona 3 ft, tljn« scale starte on signal ar- 
rival;. 
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together with force plate records in Figures ^.,15 through 4,.19. The de- 
rived curve and the force-plate records should agree if the dust behaved 
exactly as air, otherwise the force plate should, according to theory, 
exceed the derived. 

Obviously neither of these is dust in the sense that it is meant over the 
desert line» nDdstB must be understood to mean any solid or liquid car- 
ried in particle form by the air. 

12  -i OVERPRESSURE      (ptil 
BAFFLE     GAGE   SlDE-CN 

LU   30 -» 
CC 

a 

AIR   DYNAMIC   PRESSURE    (psi) 
SNOB     GAGE 

c l 

0.4li4 0 2 0.4 

TIME    (SEC) 

0 6 

Figure iUll Time records of gages at 2,000 ft on the asphalt 
line (all gage elevations 3 ft, time scale starts on signal 
arrival), 

Conparison is confused by the tendency of the force plate to shew a 
short positive phase.    However, the correlation is satisfactory in the 
early stages,  except at 2,500 feet on the desert line where, although the 
peak values are similar, the peak comes earlier on the force-plate record. 
As it happened, the instrument tower carrying greg and snob and the one 
carrying the force plate were ^8 feet apart.    The difference ir wave shape 
probably represents a real difference of the phenomenon with sampling 
location and offers a hint about the dangers of overgeneralizing a point 
measureanent. 

On the whole, however, the conparison is satisfactory in the initial 
part of the blast wave and demonstrates that the contribution of dust to 
head-on stagnation pressure is similar to that of air when the obstacle 
size is large. 

A.3.3    Centripetal Density (Air Density).    Transducers at 2,500 feet 
on the desert line and at 2,000 feet on the asphalt line were destroyed 
by the zero transient, and the transducer at 2,500 feet on the water line 
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^^Vy^ 

0.675 + 

OVERPRESSURE    (psi) 
8AFFLE    51 DE-ON GAGE 

9r 

0.676-»- 

OVERPRESSURE    (psi) 

SNOB    SIOE-ON   GAGE 

AIR   OYNAMiC   PRESSURE    (p»i) 
SNOB    GAGE 

HEAD-ON   PRESSURE    (psi) 
GREG   GAGE 

HEAD-ON    PRESSURE    (pti) 
FORCE    PLATE 

AIR    DENSITY    (IN  TERMS  OF AMBIENT) 
CENTRIPETAL   DENSITY    GAGE 

0.676 + 

TIME    (SEC) 

Figure /U12   Tiac röcords of gages at 2,5CO ft on asphalt 
line (all page elevations 3 ft, time scale starts on signal 
arrival). 
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OVERPRESSUR-     (psi) 
BAFFLE     SIDE-ON    GA(3E 

0.59! + 0 2 0.4 06 

24-, 

OVERPRESSURE     (psi) 
SNOB   SIDE-ON   GAGE 

0.«92 + 

2 - 

AIR     DENSITY      (f^J   TERMS   OF  AMBIENT) 

CENTRIPETAL    DENSITY    GAGE 

0.591* 

TIME   (SEC) 
ri^ore 4»13    Time reccrds  cf gages at 2,000' ft en the water line 

(all ba^e elevatirna 3 ft,   tiiae  aoale starts on signal arrival) 
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^6r OVERPRESSURE      (pti) 
BAFFLE    SIDE-ON   GAGE 

UJ 
a. 
D 
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if) 
UJ 
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AIR    DENSITY      (IN   TERMS    OP      AMBIENT) 
CENTRIPETAL    DENSITY    GAGE 

.J L 
0.915+ 0? U4 

TIME (SEC) 
Figure ^,1A   Time records of gfcges at 2,500 i.; on uater line 

(all gage elevations 3 ft, time scale starts on signal ar- 
rival). 
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Figure A. 15   Varlcue aeasurad and d«rived paramater-tlae 
reairda for 2,000 ft (deeert). 
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took a pennansnt get shortly after the inaxinnaa frm b*in?y plugged ^ith mud. 
Otheivise, records were satißfactory. P^Jc values are listed in Table 4^6, 
and cuivea for &lr-d6nxit>r-versus*time are showm in Figureo 4»9 through 

Centripetal-density-gage rssults were possibly th^ most imespected of 
all the moasurecients.    lir-de.isitir-vörstis-timo r^ecoixie on the water lino 
were ucrierstenclable and satisfied the Rankine-Hugoniot relation after the 

(Pti5 

ü^CaRR£C'rO     SNOB 
S)0€-0^ 

IptiJ 

Ipti) 

ohri 8C0 

^J^^_ 
»00 1000 iiOO 

TIME (MSEC) 

iwo 132} 1400 

Figure imlS   Varlraa meaeurod and derived parameter-time 
records for 2,500 ft (desert)^ 

unusual nature of the overpressvtre-time curves was tai:«D into üccoimt«    But 
on the desert and asphalt lines, air density after an initial i^craase f«ll 
below ambient during moot of the blaet~wavb pacsage.   Thli ph^ft^ntnoa is 
probably not as marked as it ^eeaois from the record, since t£e air density 
prior to shock arrival was lower than the iufltrmerit inilcete]»    %parent3y 
preshock air taken into the gage was c^lad b^ g^e p^rtSt    S^ies fco? th^ 
decrease of density with increasing c /emrcj^sore in startling arid p^bebly 
results from the envelopment of M gaf 3 by V.^ hottir e^r carried aloi-g 

m^vmm *********** ~*~~jm* 



hy the precursor. The result is significant^ since it meana that high air 
djmaalc pressures are caused not by abnormally high densities but by high 
velocities. 

Lm3mL   Pferticle Velocity. The electrcnic conponents of the gage 
proved too delicate to withstand the zero transient and no usable records 
were obtained. Since the weakness was encountered prior to Shot 12, only 

AP 

UN CORRECTED     SNOB 
SIDE-ON 

i 
(pti) 

(Pti) 

t 
(Pti) 

12 
/" 

v-'* 

FORCE   PLATE 

1.5 

05 

1000 

v0 

{fpn) 

e.or 

890 780 880 

TIME    (MSEC) 

880 1080 

Figure 4.17   Viricua measxired and derived parameter-time 
recent for 2f500 ft  (rqpbBll)« 

on** 0aga, located at 2,500 fact on the desert line, was activated for that 
shot. Its output changed at zaro time, and was unintelligible after shock 
arrival. 

^3mx   Medina Danaitv.    These instrunents, which were intended to 
I^^Hdne   nst and a^T density, failed before shock arrival but after zero 
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Figure i,lB   Various measured and derived paroaeter-time 
records for 2,000 ft (water). 
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Figure 4,19   Various meft£mred and derived paramettr-tlfflo 
records for 2,500 ft (water). 
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time« Posts hot tests indicate that the gage is sensitive to thermal ef- 
fects, 

Lm3m6   Overpressure« Overpressures were measured at 2,000 and 2,SCO 
feet on the three lines by two methods« A pressure transducer was situ- 
ated in the baffle of the centripetal-density gage and a second transducer 
measured overpressure in the snob gage. Peak values and other data are 
given in Table A«7. The snob peak values are corrected by subtracting ^ 
percent of the uncorrected air dynamic pressure (snob differential). This 
correction was included to allow for the flow perturbation introducad by 
the tover and supporting arm of the instrument. Uncorrected overpressure- 
time records are given in Figures ^.9 through 4.LI. 

Project 1.11 was not designed to study overpressure per se, but a few 
records were needed for comparison with other data. Wave shapes over the 
desert were of the typical precursor type and resonble those obtained on 
the l^)shot-Knothole Shot 1, Over asphalt, overpressures were lewer and 
the wave shapes smoother than those obtained on the desert, but they shewed 
the typical precursor behavior of a slow rise to the maximum overpressure. 

On the water line at 2,500 feet, the overpressure exceeded that of the 
corresponding desert station. The wave shape was nearly classical, except 
for a slight plateau after shock arrival. Yet, the record obtained at 
2,000 feet on the water showed somewhat smaller peak overpressure than did 
the corresponding desert station. It is thought, that the first signal 
arrived wit:i considerable yaw. All in all, the overpressure-time records 
obtained at this station are seme of the most peculiar obtained in the 
history of this classical measurement. 

A record of pitot-static side-on pressure versus time, obtained at 
8,000 feet on the desert line, displayed no serious anomalous behavior. 
A slight secondary shock was observed on it about 0.52 second after the 
primary shock arrival. 

A.3,7 Derived Quantities and Cross Checks. As suggested before, it 
is possible to derive various quantities using formulae listed in Table 
2.1. These include the ratio of suspended dust to air density, PA/P^,  air 
velocity, n^,  and air tenperature, T, Curves of the ratio of dust to air 
density and the ratio of air temperature to ambient as functions of time 
are plotted for the various stations in Figures ^.15  through 4»19« For 
comparison, we have also plotted overpressure (snob side-on) and the ratio 
of air density to ambient. Also in these figures are dust dynamic pres- 
sure, corrected air dynamic pressure, and the calculated head-on pressure 
for a large obstacle compared with the force-plate results. All time 
curves are based on average values read at 10-msec intervale. Table A»8 
^ives ambient conditions for Shot 12 used for the actual temperature and 
density ccoputations. 

These calculated air velocitie. are extremely high over the desert 
and asphalt. The velocities are so high that, at 2,000 feet on the desert 
line, the flow is briefly above Mach one, Fros the P-ankine Hugoniot re- 
lation one would not expect this to occur until the shock strength exceeds 
U.S. 

Since at 2,500 feet on the water line air dynamic pressure and air 
density initially satisfy the Rankine Hugoniot relation, so does the air 
velocity. At the 2,000-foot station this derived air velocity is higher 
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TiBLI 4.5    rCRCI PUT1 RJBSDLTS (rt), SHOT 12 

(All 0*f ELrotloD« 3 ft) 

QPCUBu 
aurfke« 

Tiaa of 
ArrlT»l 

Mudnui 

Valua TIM caHTki 

ft 

2000 

rVw«rt 

• •c 

0^52 

p.1 

52 0.^93 

AaphAlt lo daflMrtlon, w l2^4ir«d b;* i«ro 
trantlaxt 

UaUr 0.592 12.0 
21.0 

0.598 
0.691 

larrow apikm to 23 pal at 0.640 lao, 
•hcwa «hurt poaltlr« pirn»* 

2500 

Dwcrt 0.7* 2U5 0.858 flbova abort pocitlT« phaa« 

Ajphalt 0.676 13.5 0.715 9bt*n abort pooitlv« phaj« 

Wat«* 0.915 16.0 0.915    

TABZJ v.6    CBTTRinrAL DBBITI OiGf RBOLTS (pftl,  SHC-T 12 

(All Qac« Haitian* 3 ft) 

SlrUnc* flurffcc« 
TiM of 
Arrlral 

Mudn 

▼alu« TiM ImmiU 

ft 

Dw«rt 

aae 

0.452 1.33 

a« 

0.456 Danaltj balow «bi«nt durln« auoh of blaat 
war« pacao««, ahowa aaoond «plka at 0.824 aao 

2000 Inhalt Oaf« out at aaro 

V«t«r C.591 1.68 
1.57 

0.603 
0.733 

D«««rt Cut at ucro 

2500 
Aapbalt 0.676 1.20 0.685 Danait/ balow aabiont durlnf aoat of blaat 

vara pa^M^a 

Vatar 0.915 1.68 0.934 TTanadue«* clog?ad, aa it doaa not ratium to 
mblant dmity 

TABU 4.7    OVBUfHSSHlX KKASlRmSTTS (A?)( SHOT 12 
(All Gaga BLaTatlon« 3 ft, Ixampt at 8,000 ft Whara 10 ft) 

      1 

Surfaoa 

r 
Gaga Typa 

Tlaa of 
ArrlTal 

Haxl»n Poaltlva 
Duration Qiatanoa Valua Tlaa R«Bark» 

ffc 

DM«rt 
Baffla 

aao 

0.452 

P« 

14.0 

aao 

0.494 
0.521 

aao 

Gaga failed (hiring ahook vava 
paaaa^o 

3taob alde~on 0.451 15.6 0.518 0.788 

Aaphalt 
Baffl« 0.418 8.5 o.uo 0,820 

200C 3xiob eld »-on Gaga out at taro 

Watar 
Baffla 0.591 D.7 

12.8 
0.6QC 
0.716 

0.560 

Sbob Bida-oti 0.595 8.5 
12.2 

0.610 
0,704 

0.275 ffljowa narrow aplka at 0.640 
aao, abort poeltlve phaaa 

Dae art. 
Baffl.« 0.778 9.2 0.964 0,606 

3toob ■Lda-on 0.786 9.5 0.963 0.700 

Aaphalt 

Watar 

Baffla 

Snob aida-on 

Baffla 

3bcb alda-on 

0.67^ 8.0 0.748 0.903 
2500 n.67b 7.9 0.730 0.87A 

0.915 12.6 0.915 0.572 

0.915 13.0 0.915 
0.958 

0.550 

8000 Da« art Mtot atatio 
tuba alda-oii 

5.30^ 1.59 5.304 1.276 
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than indicated by the Rankine H^gonlot relation. 
It was unfortunate that direct measurement of air velocity was not 

obtained, since this parameter with its abnormally high value seems to 
account for the high air dynardc pressures observed. However, the indirect 
results should be accurate to about 10 percent. 

TABL£ 4,8 iMBIEW CONDITIONS FCR SHOT 12 SORfACE 

Amblaot llr Tv^erature 19.50C 
iabient Sova»1 Sp*«rt 1,226 f>8 
idr Preeaur« 13.18 pel 
Amblaat Air Denolty 1.0e3xl0"? gav'c»3 

The curves for the ratio of suspended dust to air density versus time, 
which have been computed by assuming air am dust have the same velocityf 
follow the dust dynamic-pressure curves closely. Dust density shcvs a 
tendency to increase as the blast wave passes. The estimate of this ratio 
becanes increasingly unreliable as the air dynamic pressure decreases. 

TABLE 4.9 SHOT 4 RESULTS 

Instrunent 
and 

Quantity 
M«tt3ured 

Ground 
Distance Elevation 

i 

Time of 
Arrival 

MaxliBisn 

Value Time Rosarks 

Wind direction 
gape, pitch 

ft 

1350 

ft 

3 

sec 

0.249 v 
800 

0.251 Shows turbulent pitch cantered 
about -i0 after initial phase 

Wind direction 
gag«, pitch 

1350 6 0.405 ♦29° o.ui Returns to «ero flow at 0.430 
86C 

Wind direct ion 
gage, yaw 

2150 U 0.552 no0 

-21° 

0.730 

1.160 

Shous InltUl -15° yaw which 
then stabillBea to -5° jm* be- 
fore going to firtt nax, sbowa 
a gradual shift between naxlsan 

Shoh differential 
pressure,  air 
dynamic pressure 

a 5Q 3 0,532 >15 psl 0.620 Shows upward drift after blast 
wave paasage 

Force plate, 
haad-on pressure 

2150 3 0.539 >60 pal 0.610 Shows drift prior to ahock ar- 
rival caused by radiant heating 

Snob side-on, 
overpressure 

2150 3 0.532 >20 pal 0.642 Poaitive phase duration is 
0.460 s XJ 

These estimates of suspended dust densities exceed preliminary results 
obtained by Project 1,13 at both the 2,000- and 2,500-foot stations on 
the desert lire (Reference 15)» 

Curves for air tenperature versus time are included for ccnpletenees, 
although they essentially reflect the behavior of air-density measureBients 
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on the desert and asphalt lines. These curves were useful with air ve- 
locity for ccmputing Mach-flow corrections. 

L*3*B   Comments on Srrorg« Pitch measurenents are probably accurate 
to + 1 degree or 5 percent of the deflection, whichever is greater. 

By examining consistency of successive calibrations, one finds that 
the error of the peak values for pressure should be less than 5 percent» 
For values other than the peak, the error may be estimated as 5 percent of 
the value or 2 percent of the peak, whichever is greater. If the instru- 
ment is injured the deflection is of little or no physical significance. 
Gages showing abnormal positive-phase durations are valid only for a brieT 
interval after shock arrival. 

Errors of derived quantities must be individually estimated by con- 
sidering possible e-rrors of the source quantities and error amplification 
in confutation. Since dust dynamic pressure and ratio of dust to air den- 
sity are based on differences of measured auantHies, errors nay be con- 
siderable, particularly on the water line (where differences are small). 

L*3*9   Shot L Results. Shot ^ (Turk) was detonated at 0520 PST on 
March 7, 1955, on a 500-foot tower locatod in Area 2 of Yucca Flat. The 
yield was 43 kt. A number of records were obtained. Since set ranges were 
low, it is not feasible to specify peak values for some cf these records; 
instead, a lower limit is given. Results are listed in Table A.9o 
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Chapter   5 

CONCLUSIONS  AND   RECOMMENDATIONS 

5.1 CONCLUSIONS 

5>ljl Wind Direction Measurqaentg» 

1. Considerable pitch was found on all lines, even on the water line 
where none was expected. 

2» On the desert and asphalt lines, pitch was initially upward and 
then horizontal or dovmward, the downward flow being strongest at 2,500 
feet. In general, initial pitch decreased with distance (except at the 
beginning of the desert line) and the duration of upward flow increased 
with distance. Initial pitches were greater over the asphalt line than 
the desert line. 

3. Pitch predicted frcn photographic and tijne-of-arrival data agrees 
with initial pitch at the 10-foot asphalt stations but is greater than 
that measured over the desert line. Initial pitch at 3-foot stations was 
much smaller than at 10-foot stations. 

4.« Downward flow at 2,500-foot stations on both lines began at the 
same time, one second after burst, and shortly after the eipected arrival 
time of the main shock. 

5m   Pitch records over water were much more erratic than over desert 
or asphalt and suggest large-scale turbulence. 

6. No significant systematic yaw was observed where the instruments 
functioned. 

5Am2    Other Measureiaents« 

1. Air dynamic pressures at 3-foot elevations were highest over 
desert, next high over asphalt, and least high over water. 

2. At 3 feet over desert, dust pressures were larger than air dynamic 
pressures; over asphalt some dust pressure was present but the amount is 
uncertain, over water it was effectively zero. Desert line dust contri- 
buted about half of the product of its density and the square of its ve- 
locity to stagnation pressure exerted on the sizeable force plate« 

3# On asphalt and desert lines, air dynamic pressures were much 
higher than would be inferred from the measured overpressure using Ranklne 
Hugoniot relations. This was also true on the 2,000-foot w.'iter station, 
but at the 2,500-foot water station agreement was achieved. 

4» Densities on the water line followed the pressure and initially 
satisfied the Rankine Hugoniot relations. On the desert and asphalt linee, 
densities were low, below ambient during most of the blast, 

5. 0/erpressures recorded at the 2^000-foot water station were not 
ideal; two shocks ani a slower pressure rise are evident. Tlaes of ar- 
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rival and gage response suggest that the first shock arrived with con- 
siderable yaw« 

6« At 8,000 feet over deser^, dynamic pressure and overpressure were 
ideal and in the correct Rankine Hugoniot relation. 

5«1«3 General Conclusiong. Initial flew behavior on desert and 
asphalt seecis to have been much as would be expected. The flow was at 
first upward and later more nearly horizontal; near the surface, the flc^ 
was nearly horizontal at all times. The results over water were unpre- 
dicted and correspond to the unusual nature of the blast wave over that 
area. 

The appeal to the Bernoulli principle is not substeurtiated, since the 
sun of overpressure and air dynamic pressure was not constant at the same 
ground distances on the three surfaces; if one adds the dust dynamic pres- 
sure, the difference is even more pronounced« 

The contribution of dust to dynamic pressures is well established, 
since the dust dynamic pressure exceeded that of air on the desert line. 
Even disregarding the dust, air dynamic pressures were still much higher 
than would be ejected from measured overpressure and Rankine Hugonlot re- 
lations. In fact, air dynamic pressures over the desert exceed ideal by a 
factor of more than one half, while they were cccparable to or less than 
ideal at stations over asphalt and water.  Density measurements snow these 
excessive air dynamic pressures over the desert were caused by high air 
velocity, not increased air densities. Since the fine dust of Frenchman 
Flat should accelerate to air speed in a few milliseconds the dust also had 
a high velocity. 

Force-plate results suggest that Frenchman Flat dust behaves much as 
air in its flow about it, i.e., the registering coefficient of dust for the 
force plate is about one half. 

We have examined corrections to dynamic pressure for the psuedo- 
sphorical nature of the shock configuration (appendix C). This correction 
is too man (except on the water line at 2,000 feet) to account for high 
air dynamic pressures, unless one assumes a spherical expansion from a 
source much nearer the gage station thin ground zero. 

At this point it is realized that this resembles the arguments of 
Hess because this nearer source implies an internal flow structure (Refer- 
ence 4). Pitch-time records fail to show the presence of a flow such as 
Hess predicted, except possibly at the 2,500-foot stations over asphalt and 
desert; the upward, then downward, flow noticed there is the pattern that 
would be expected from vortex passage. On the other hand, the simultaneous 
downward flow at 2,500 feet on both desert and asphalt, which came shortly 
after shock arrival on the water line, could represent a feed-through of 
energy from the shocked air above the precursor. Such a flew would supply 
the required expansion from  a point closer than ground zero. 

The weakness of this hypothesis is that downward flow was not observed 
at the closer stations, although it may be that the feed-through there was 
more nearly horizontal or took place above the 10-foot gage position. 

In summary, we propose tentatively that high dynamic pressures are 
the result of high air velocities brought about by some feed-through from 
the energy aource of the sphere of shocked air above the precursor« We 

Ideal air dynamic pressures are described in ITR-1153 (Reference 2)» 
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can say little about this flew pattern beyond that the results at 2,500 
feet on the desert and asphalt suggest that it exists. Whether it is the 
pattern proposed by Hess is open to question. 

Certainly, more work is required, theoretical and experimental, be- 
fore the precursor phenocienon will be ccmpletely understood, 

5.2 RHXMOTDATIONS 

Project 1*11 acconplished its objectivei the eemmination of pre- 
cursor afterflow direction and the nature of dynamic pressure« At the 
same time, the experiment revealed tantalizidg academic iuestions» Per- 
haps the answers to these questions will aid in the understanding of the 
precursor phenomenon and will allow prediction of its effects over surfaces 
other than those instrumented on Shot 12# 

Should another precursor-study shot be planned«, it is recosmsnded 
that: (l) a test be conducted over a surface whe^o sand rather than silt 
is present, since such soil typifies deserts where the precursor ndght be 
used tactically; (2) the test be made with a device of different yield than 
that of Sho+ 12 to examine scaling laws; (3) pitch-time measuremanta be 
made at higher elevations at the closer stations than wer** made on Shot 12 
t." further reveal precursor afterflow pattern; (U) »ore «cteaaive yaw-tine 
measurements be takenj and (5) the instruments which were successful in 
Shot 12 be used at two elevations to examine the VÄTiation with height of 
dynamic pressure parameters. 

It is also reconroended that additional data be obtained on the dust 
loading of obstacles. This can be adequately studied on a laboratory scale 
with a few field checks» Theoretical studies of precursor afterflow should 
be continued,, new that Shot 12 has provided results to serve as a basis for 
and as a check on such endeavors. 
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Appendix  A 

THEORY OF THE SNOB   AND 
GREG  DUST   RESPONSE 

C{>erational princlplee of snob and grag gages may be explained by 
some elementary examination of the hydrodynamie behavior of a mixture of 
air and dust» For this analysis, we may assume that the mass of suspended 
dust and the mass of the air in which the dust is suspended are canparable. 
This leads to two interesting conclusions: (l) The volume occnjpled by the 
dust is entirely insignificant, which means that the air has the usual 
equation of state. (2) The suspended dust exerts no L preciable static 
pressure because the air molecules greatly outnumber dust particles. With 
these considerations in mind, the hydrodynamie equations concerned with 
conservation of mass and momentum may be written as follows; 

Conservation of mass: 

= v- (paaa) (A,I) 

^ = V •  (Pd V (A.2) 

Conservation of momentum: 

dtl du, 

-^a-dt^d   « (A-3) 

iere p indicates densities, P is pressure, tl is vector velocity, and t is 
time. The subscripts & and d refer respectively to air and duct; standard 
vector notation is used. The mass conservation equations are entirely ob- 
vious; the mccientum conservation equation may be derived most easily by 
regarding the time rate at which momentum is given to dust as a force on 
the air of opposite direction. 

These equations may be specialized by taking a steady-flow case ex- 
pressed in cylindrical coordinates, where that flow is symmetric with 
respect to azimuth angle. These equations then are: 

0 = ^aV)+|i^az: (^) 
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^ = "a I (V) + "d dt ^ M 

H-'ai ^  + ^d i  CV) U.7) 
Here x is radial and JJ is the polar coordinate; the coordinates which are 
used as subscripts refer to the conponent of the velocity in that direction. 
If it now is assumed that the flow is inconpressible, a rather surprising 
result is obtained. Since the mass conservation equation is unchanged by 
the pressure of dust, the same form for the flow potential is lnplied. 
This means that the steady-state flow of an inccrapressible fluid is the 
same whether dust is present or not and in spite of friction» This is true 
because the presence of dust ioes not alter the boundary condition and only 
one solution exists for the potential function. 

Since air actually is conpressible, considerable alteration of flcv 
because of the dust can be expected. But at least the dust behavior can be 
approximated by assuming that the air flow is unchanged by the presence of 
dust. Bven with this simplification, the problem is not an easy one; the 
actual confutation of particle trajectories usually must be done using 
machine methods (Reference 16), For calculating dust response of snob and 
greg, the head-pressure enhancement caused by dust may be confuted, con- 
sidering dust traveling along the axis of symmetry, Equation A,6 is used 
for this cctputation by breaking the pressure changes fron free stream into 
two parts: namely, A P^ caused by dust monentun changes, aad A Pa caused 
by air mamentim changeo. 

From the inconpressible How results discussed above, the air mcmentum 
changes give a contribution to stagnation pressure unaffected by the 
presence of dust. On the axis of symnetry the dust contribution to pres- 
sure amounts tot 

4Pd = - (pd *dA ^ ^8) 

In this expression, (p^ u^L is the dust mass flux in the free stream, 
and  AUJZ IS the change of velocity suffered by dust because of the flow 
about the obstacle.   This expression is derived by a combined use of the 
momentun and mass-conservation equations in an integration which neglects 
the small radial divergence "erms.    In the snob jage, the small response 
to dust is achieved by reducing the term  Au^by means discussed iii a 
section on that instrument.    The response of the gage may be v?slculated by 
assuming that dust particles behave as spheres with the same diameters as 
the dust particles under consideration.    Then, knowing the flow conditions, 
dust density, etc,,   Au^ may be calculated.    The latter quantity varies 
strongly with particle diameter and to lesser extent with flow velocity. 
The ratio of  Au^z to (^2)0 is negligibly small for particle diameters in 
excess of ten microns. 

The same expression (Equation A,8) may also be used to calculate the 
greg response, provided the particles are completely slowed before they 
strike the diaphragm.    For larger particles, however, this will not be the 
case; their stopping distance is such that they strike the diaphragm and 
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rebound. Dust Darbicles nevertheless will still register a dynamic pres- 
sure of (pfl utj

2;o if the mean free path of the rebounding particle is small 
cccpared to gage dimensions. This occurs because the momantun of the on- 
coming particle is reduced by that of rebounding particles. The dust 
density is made high enough to satisfy this condition by having the gage 
opening act as a dust trap. 

In the preceding argument, it was assuaed that flow was head-on and 
that the particles were not appreciably deviated by the air flow about the 
gage. Particles with a diameter of less than 10 micrcno are appreciably 
deviated and shew a transitional behavior registering between the \PA ^Z )O 

of the larger particles and the 1/2  (P^ ^2^0 **** would be expected if the 
dust behaved exactly the same as air« 
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Appendix B 

THEORETICAL   TREATMENT  OF THE 
MEDIUM-DENSITY-CAPACiTY   GAGE 

The most detailed analysis of the response of this gage to suspeoded 
dust is accccplished by regarding suspended dust particles &a a sot cf 
small spheres distributed throughout the air. To simplify the analysis 
further, the electric field is regarded as urifonn rather than radial^ 
this fissunption makes it possible to calculate the polarization of the 
spheres which represented dust particles« Purthemore, both the small 
terms involving the interactions of the spheres and the small effect of 
changes in air density are ignored. Thus the medium is regarded as a 
mixture of ordijnary air and rarefied dust gas which have dopole moments 
proportional to the electric field impressed on the particles. Using this 
approach, it was found that the suspended dust contrilxition to medium 
dielectric constant ( A K^) may be expressed as follows:^- 

AKd = -f I£TI M a 

Here P^ is the suspended dust mass density, 6 is the dust bulk 
density, ana ly is the bulk dielectric constant of the dust. This con- 
tribution was independent of the size cf the dust particles* 

Contributions of a change of air density to a variation of the mediua 
dielectric is easily calculable because the variation (A i^) is directly 
proportional to the change of air density. Specifically, the relation let 

AKa= 0.U7 Pa (B#2) 

Here Pa is the air density change in grams per cubic centimeters. 
Having examined the contributions of suspended dust and of air density 

changes, the effect of these changes on both the capacity of the detector 
and the output frequency is considered next. With no air or dust present, 
the output frequency (v0) is: 

(B.3) 

Here L is the inductance of the variable tank circuit, and C0 i« thm 
capacitance of the exposed capacitor in a vacuum. The value of capacitance 
is proportional to the dielectric constant of the medium. Accordingly in 

•^This problem was solved by J. W, S. Raylel^h in 1892 (Reference 17)• 
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the test conditions this capacitance had a value described by the following 
relations 

C = C o [1 + 0.M7pa + ^(^)]        M 
Th^ symbols used in the above equation were defined earlier in the 

appendix. Using an  expression analogous to Equation B#3, and substituting 
Equation B*4,, the frequency in the presence of air and dust is co^uted. 
This frequency (v) is found to be: 

v = v 
o [l + 0.U7pa+^^f^j"l/2       (B.5) 

The variations of frequency with suspended dust density or air density 
changes may be examined. While Equation B,5 may be used directly for this 
purpose, it was more convenient to use the differentiated forms as follows: 

& * - 0.2235 v0 (B.7) 
3p« 

These forms consider the term raised to the minus one-half power in 
Equation 3,6 to be approximately one after differentiation. This is 
justified because p and c^ are small compared to one. The density of 
suspended dust then may be readily calculated as shewn in Equation B.8 
below by using the shift of the beat frequency from its preshock value 
(A v) and knowledge of the change in air density (A p ): a 

Pd 3r ^ - 0,2735 vo Apa)f(^) (B.8) 
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Appendix C 

CORRECTIONS  OF DYNAMIC  PRESSURE  FOR 
SPHERICAL   DIVERGENCE    REFERENCES 
Whltener has pointed out that dynamic pressures calculated fraa 

Rankine Hugoniot relations are correct only at shock front in the spherical 
case (Reference 6). As an exanple, Whitener examined IBM Problem M and 
found that throughout the positive phase, for distances of ^00 aad 600 
feet, actual dynamic pressures exceed considerably those calculated fron 
the Rankino Hugoniot relation, 

Whitener also shows for isentrcpic spherical expansion that dynamic 
pressures of the wave interior must exceed those calculated with the 
Rankine Hugoniot relations. The approximate factor (D) of the actual 
dynamic pressure that exceeds that calculated by the Rankine Hugoniot 
relation is given by 

D = 

2Uö 
c R 
o 

5( & 

2 
dt  \ 

-1)/ 
(ci) 

Here u is mass velocity, c is the local speed of sound, t is tljne. Op is 
ambient speed of sound, U is radius, and 4 is the ratio of pressure to 
ambient pressure. This expression should be nearly valid for values of C 
up to eightt The integral in the numerator is to be evaluated along the 
negative characteristic u - c, i.e., dR/dt = u - c. An exanple of a 
characteristic for the case c > u and signal arrival is given in the 
world diagram. Figure C,l. 

SIGNAL    ARRIVAL 

0- CHARACTERISTIC 

TIME-*- 

figure C.l dao^le characteristic and eignal 
arriml—-world diagnm. 

This figure has irteresting implications. We may estimate the voluee 
of u and c as a function of tine from experimental results obtained at a 
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sot of gages situatad at, say, R0. This means we may, in turn, estimate 
an tpper limit for tha correction factor D for the case c > u because 

/ 
c R 
o 0 

dt > 

R = R 
/ 
C- 

2afidt 
C R 
0 

(C.2) 

where the first integral is conducted from signal arrival until the time 
of peak dynamic pressure at R = R0, This is true because u and c diminish 
with increasing R, the radius along the negative characteristic is greater 
than R0> and the integral is carried out for a longer time period along 
R = B.   than along the characteristic. For u > c the argument could be in- 
valided to establish a lower 15jiiit of the value of the integration along the 
characteristic. 

Table C.l lists these maximum correction factors for various stations. 
Also given in the table are values of air dynamic pressure calculated from 
the Rankine Hogoniot relation and oveipressure, the product of this quantity 

1- ^j: C.l    3PKERICAL DIVERG.WCE CALCULATIONS 

Location 

Air Dynamic 
Praasura fron 

Rankina tagonlot 
Halation 

Maximn 
Corraction 
Factor D 

Product of 
Ranklna 
togonlot 

Valua and D 

0b8«rvad 
Air 

Oynanao 
/■raaaura 

Haxlmn 
Dirtano« 

to 
Virtual 

Souroa 

Horizontal 
Olstanoa fron 

Pracuraor 
Toa to Main 

Shock 

pal pal pal ft ft 

2,00C-ft, 
Dwtrt 

5.2 1.23 6^ 20.0 230 280 

2,500-ft, 
Aaphalt 

1.63 1.07 1.75 7.8 65 330 

2,000-ft, 
Water 

3.58 1.12 4.0 5.« 430 

and the correction factors, and observed air dynamic pressure which are 
corrected for Mach effects. The estimation of the correction factor D is 
approximate on the water line, since air velocity is uncertain for the 
period the air dynamic pressure showed a negative value. We have chosen to 
ignore this period in the integration. 

On the water line this maximum correction factor approaches accounting 
for dynamic pressure enhancement above the Rankine Hugoniot value. On 
desert and asphalt, hew ever, it falls far Rhort of bringing calculated and 
observed air dynamic pressures into accordance. If one, instead, assumed 
a cylindrical divergence, the correction factor would be less than for the 
spherical case. 

There is another possibility which would allow flow divergence to ac- 
count for these high dynamic pressures. This is to regard diverging flow 
originating not at ground zero but fron a point much nearer the gage station. 
This virtual source may be considered a feed-through from the sphere of 
saocked air into the precursor. Such maximum radii are also listed on the 
table for sake of cocipariöon. Their physical significance is highly 
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questionable, as the precursor does not, of course, exhibit a spherical 
divergence but, rather, some more complicated geometry not easily ameriable 
to analytical methods. For further comparison we have also listed the 
separation of the precursor shock front from the sphere of shocked air 
above the precursor when the precursor strikes the station. These hav© 
been estimated by observing the distance the precursor leads the blast wave 
on the water ILie, 

The divergence correction application now resembles the arguments of 
Hess; we are new appealing to an internal fl&t pattern within the precursor 
(Reference £)• 
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